A wealth of studies has indicated that greater cognitive ability is related to healthier behaviors and outcomes throughout the lifespan. In the present paper, we focus on objective numeracy (ability with numbers) and present findings from a study conducted in the Peruvian Highlands that examines the relations among formal education, numeracy, other more general cognitive skills, and a sex-related protective behavior (condom use). Our results show a potential unique protective effect of numeracy on this healthprotective behavior even after accounting for measures of fluid intelligence and potential confounding factors. These results add to a growing literature highlighting the robust protective effect on health behaviors of greater cognitive skills that are enhanced through schooling. Challenges for future research will be identifying the causal mechanisms that underlie these effects and translating this knowledge into effective interventions for improving health.
INTRODUCTION
According to the World Health Organization [1] , HIV is a leading cause of morbidity and mortality worldwide, particularly in developing nations. Although advances in HIV therapy have decreased mortality, the ultimate goal of health practitioners is to decrease the number of people infected in the first place. Accordingly, many interventions have been designed and disseminated to provide at-risk individuals with basic facts about disease transmission and sexual protective behaviors and to decrease cultural and logistic barriers such as providing access to condoms [2] . Despite massive efforts globally to prevent HIV infection, behavior change interventions to reduce sexual risks have only marginally reduced new infections and HIV burden [3] . Greater impact has emerged from interventions focused on reducing transmission of HIV from HIV-infected people [4, 5] and theory-informed interventions that address sexual norms and condom acceptance [6, 7] .
In the present paper, we focus on an alternative potential piece of the puzzle. We first review recent research demonstrating that greater education has a robust association with improved health and taking more health-protective actions. A possible causal pathway is that greater education leads to the development of enduring cognitive skills that support better health-related decision making and behaviors [8] . These results suggest that providing individuals with additional years of formal education would be an effective intervention for reducing disease. It is not clear from this past work; however, whether an effective intervention requires the more general (and costly) years of overall education or whether a more focused intervention on a specific skill would add similar value. In the present paper, we focus on the specific skill of numeracy and present findings from a study conducted in the Peruvian Highlands that examines the relations between formal education, numeracy, more general cognitive skills, and sex-related protective behavior.
The Education Effect
Substantial evidence exists that more formal education is associated with better health outcomes, including lower rates of sexually transmitted infections (STI's), lower rates of unwanted pregnancy, and lower mortality even after controlling for important demographic factors such as wealth and other non-educational components of status (e.g., [9] [10] [11] [12] [13] [14] [15] ). For instance, a new meta-analysis finds a robust protective effect of education with respect to risk-taking on numerous unhealthy behaviors after controlling for many indicators of SES [16] . Although the causal mechanisms underlying this effect are still being investigated [17, 18] , recent findings suggest that education has this effect, at least in part, through the enhancement of cognitive skills that lead to healthier choices and behaviors. For instance, recent work in rural Ghana demonstrated that higher general cognitive skills (e.g., working memory, numeracy, basic decision-making skills) mediated the relationship between education and sex-related protective behaviors [8] . In addition, Baker, Leon and Collins [19] analyzed data from Demographic Health Surveys collected in nine sub-Saharan African countries and showed that education was associated with better basic HIV-related knowledge, more positive attitudes toward HIV-infected persons and improved health reasoning; of these, health reasoning had the largest mediating effect on reported condom use among sexually high-risk individuals.
Cognitive Ability and Health
A wealth of studies has indicated that greater cognitive ability is related to healthier behaviors (e.g., [8, 20] ) and more positive health outcomes throughout the lifespan (e.g., [21] [22] [23] [24] ). For example, Wrulich and colleagues [21] examined the extent to which childhood intelligence (including domain-general fluid intelligence defined as novel reasoning and logical thinking, crystallized intelligence defined as verbal knowledge and long-term memory, and general intelligence which is the combination of fluid and crystallized intelligences) predicted a range of health outcomes in middle adulthood. Childhood intelligence predicted several physical, functional, and subjective adult health outcomes with general intelligence and fluid intelligence measures showing the largest effects. Many of these studies have controlled for important confounding variables, such as literacy, educational status and marital status [8] , suggesting that this effect may be the result of greater cognitive ability, enhanced by more exposure to formal schooling, which allows a person to better navigate the health landscape and make better choices. Greater cognitive skills could provide a host of advantages including enabling individuals to learn and extrapolate from basic knowledge, think counterfactually, predict possible positive and negative outcomes, and better connect present plans/actions with future consequences, to name only a few.
It is an open question, however, whether there are particular cognitive skills that are uniquely important for health behaviors. It is possible that these effects are mainly driven by fluid intelligence; some previous studies would support this interpretation (e.g., [21] ). Alternatively, some specific cognitive skills, such as numeracy, may be separable from general fluid intelligence and uniquely predict health behaviors in some contexts. This consideration is the primary focus of the present paper.
Objective Numeracy
Numeracy is a cognitive skill that refers to the ability to understand, evaluate, transform, and use mathematical concepts [25] [26] [27] [28] . More numerate individuals comprehend numerical information better, but numeracy goes beyond comprehension, relating systematically to an assortment of other effects (e.g., [25, 28, 29] ). In particular, greater numeracy has been associated with reduced susceptibility to framing effects, less influence of nonnumerical information such as mood states and narrative information, and greater sensitivity to different levels of numerical risk. The less numerate tend to perceived greater risk across a variety of domains. Numeracy has also been associated with important financial and health choices. For instance, the less numerate tend to prefer immediate over delayed consumption, to have steeper discount rates, and to show greater risk aversion [30, 31] .
Understanding and using numbers well may be important skills in health contexts where a sense of the numeric magnitude of future possible costs or benefits is important (e.g., the amount of time required to get diagnosed and treated for a disease, money spent or money foregone due to being sick, opportunities lost, or the relative magnitude of benefits versus risks for two treatments). Numeracy may also be related to health choices and behaviors due to its positive association with wanting more shared decision making with health care providers, attending to and remembering numbers better, and drawing more affective meaning from numbers that allow them to be used more effectively in decisions [27, 32, 33] .
With respect to health behaviors and outcomes, the primary focus in the literature has been on the broader construct of health literacy, rather than on numeracy [25] . However, lower numeracy, in particular, has been associated with worse health behaviors such as poorer self-management of chronic diseases [34, 35] . Berkman et al. [36] conducted a systematic review of numeracy, and concluded that the strength of current evidence was insufficient with respect to the relation of numeracy to important health-related measures such as knowledge, risk perception accuracy, and accurate interpretation of health information. Numeracy, however, did appear to mediate the relation between demographic factors and some health disparities (e.g., between race and a marker of diabetes control (hemoglobin A1c)) although the strength of evidence was low. Conclusions could not be drawn about the relation of numeracy and the use of health care services. Berkman et al. also concluded that numeracy appears to be more highly correlated with health outcomes than is health literacy although possible ceiling effects could have clouded the health literacy effects.
Some of the deleterious effects of low numeracy may come from difficulties understanding and elaborating on health messages, which often involve numbers. To make informed, value-consistent health decisions, consumers must receive information about risks, benefits, alternatives and uncertainties related to diseases and treatments and understand it [37] [38] [39] . Unfortunately, decision makers often do not understand the information, setting the stage for poorer health choices and behaviors [40] . Decision makers also need to be able to understand the meaning of the information, and less numerate people do this poorly [27, 41] . The decision maker must determine meaningful differences between options, weight factors to match needs and values, and make tradeoffs (e.g., between risks and benefits) prior to making a choice. In each case, the less numerate may be disadvantaged relative to the more numerate. In sum, numeracy may affect health behaviors both through the inability to understand and elaborate upon health messages, and also through numeracy's effect on other reasoning and decision-making processes that affect health behaviors. Choosing is a complex cognitive process that requires ability and motivation, perhaps especially when quantitative information is involved.
Overlap exists, of course, between numeracy and other cognitive skills, particularly fluid intelligence (e.g., r=0.49 between numeracy and working memory in Peters et al. [8] ). Although numerical processing and fluid intelligence share some neural substrates [42, 43] , there are theoretical reasons to investigate their independent influence on health behaviors. For example, fluid intelligence is considered domain general, meaning that it does not require specific content area knowledge. Numeracy, although partially reliant on cognitive capacities such as working memory, is inherently domain specific, requiring knowledge of specific content and the use of some crystallized knowledge. In fact, lesions to the inferior-parietal region of the brain can destroy numerical knowledge without impairing non-numerical knowledge [44] , and retired bookkeepers and accountants with age-related declines in non-numerical memory had similar numerical memory to young adults [45] . In addition, these cognitive abilities also have independent areas of brain activation and show somewhat different patterns of change throughout the course of maturation and interaction with the numeracy-rich cognitive developmental environment of formal schooling [18, 46] . The results from several behavioral studies also suggest that numeracy is a related, but somewhat separable, cognitive skill from general intelligence [30, 31, 47] .
The Present Study
The primary goal of the present study was to explore the extent to which cognitive skills, and objective numeracy skills in particular, predicted a sex-related protective behavior (condom use), after accounting for relevant knowledge, educational attainment and other demographic factors. The study was conducted with the Quechua people who live in the highlands of the Peruvian Andes. We chose this relatively remote location in an attempt to control for sources of endogeneity that are generally present in North American and Western European populations. In particular, individuals from this population show very little variance in terms of lifestyle and access to health care. Most Quechuan adults have similar post-schooling work experiences and economic status. Finally, they vary considerably more in educational attainment, allowing us to examine the effects of lower versus higher levels of education more readily. The impoverished highland region is also in need of health-carerelated interventions, particularly in comparison to the more affluent neighborhoods of Lima and several other large cities. Nationally the rate of teenage pregnancy (15-20 years old) is 13%, but in the Carhuaz district of the Ancach region it is 17% [48] . HIV prevalence is not known precisely for these highland regions, but HIV prevalence for adults between the ages of 15-49 in Peru is 0.4% putting it on par with Latin America as a whole (0.4%) and North America (0.5%) [49] .
In this study, we assessed cognitive abilities by measuring fluid intelligence, crystallized intelligence, and numeracy. We also measured several factors that could confound the relation between cognitive skills and sexrelated protective behaviors. For instance, it is plausible that people with higher cognitive ability are better at gathering relevant knowledge and therefore know more about what they should do to protect their health. Having more general knowledge about a disease is, in fact, often associated with taking on more protective behaviors to prevent it (e.g., [8] ). Thus, we measured condom knowledge as well as condom use behavior. As discussed above, education is a significant influence in the development of cognitive skills. By incorporating the influence of education in our analysis, we provide an additional evaluation of the cognitive enhancement explanation of the education effect and attempt to replicate previous findings of a study conducted in Ghana, in western Africa [8] .
We also tested our primary hypothesis that numeracy has a unique effect over and above other cognitive abilities in predicting sex-related protective behaviors. Few studies have explored the effects of numeracy after controlling for a robust set of related, yet distinct, cognitive abilities. In fact, a major failing of the numeracy literature is that many past studies have not controlled for general cognitive ability or intelligence quotient (IQ), and, thus, were not able to determine the unique effects of numeracy [25] . The present study also will contribute to the literature by examining the relation between numeracy and an important health behavior (condom use), which has been noted as an area in need of further research [25] .
METHODS

Setting and Sample
The present study was conducted in the Ancash region of the Peruvian Andes. The sample was selected using a two-stage stratified sampling procedure. First, Peru's National Census 2007 was used to develop a list of all small agrarian communities within the Carhuaz district in the Ancash region. Fourteen communities were purposefully selected based on high levels of within-community variation in educational attainment and, conversely, high levels of homogeneity of occupational structure (50% of the populations in these areas were subsistence-level farmers, and the remainder were employed in the local agrarian economy). We also targeted participants that were 30 yrs/old or older to increase the variance in educational attainment. We visited households (door-to-door) in each community to recruit healthy participants (i.e., those with no major medical issues, past neurological trauma, or evidence of alcoholabuse damage) stratified by education attainment. The final sample consisted of 247 adults (see Table 1 ).
Instrument Preparation and Procedure
All study instruments were translated from English to Spanish, and back translated to English. Instruments were subsequently translated from Spanish to the local dialect of Quechua. Multiple pilot tests were conducted to ensure that the verbal instructions and study instruments were clear and culturally appropriate. Six speakers of both Quechua and Spanish (mostly local teachers) were hired as interviewers and trained to administer the study instruments. Interviews were conducted one-on-one with participants in Spanish or Quechua (depending on participant preference) and occurred in private homes or at village school buildings. The study instruments were completed in two three-hour sessions spread across two separate days. Half of the cognitive ability instruments were completed in each session (along with several unrelated tasks and questionnaires). Participants were compensated with household goods (e.g., sugar or pasta) and schools in participating villages were given educational materials. 
Measures
Condom usage. This primary dependent variable was assessed with a single yes/no question: "Have you ever used a condom during sexual relations?" Condom knowledge. This was assessed with a single yes/no item: "Do condoms protect against disease?" Cognitive abilities. Cognitive ability was assessed with six different instruments. Each instrument is well-developed psychometrically and commonly employed in studies of cognitive ability.
Fluid Intelligence
1)
Verbal association fluency was assessed with the COWAT (Controlled oral word association test; [50] ), which requires participants to generate as many words as possible from a given category (e.g., animals) in 60 seconds;
2) Working memory capacity was assessed with the backward digits task [51] , in which participants are presented with a series of numeric digits and must immediately repeat them back in reverse order;
3) Delis-Kaplan Executive-Function System Tower test was used to assess planning, strategy, working memory, and attention shifting abilities [52] . This test involves moving rings on upright wooden pegs from a starting position to a new "goal" position, moving only one ring at a time, where better solutions involve the most direct and fewest moves;
4)
Raven Colored Progressive Matrices test was used to assess non-verbal reasoning about complexity [53] , in which the subject is presented with a series of pattern matrices (2x2, 3x3, or 4x4) and asked to identify the missing element that completes each pattern;
Numeracy
5)
Numeracy was assessed with the Woodcock-Johnson-III Calculation test (WJIII; first 18 items focused on addition, subtraction, division, and multiplication; [54] ).
We have used this numeracy measure in prior work in Ghana in a similar population with low average number of years of formal education and little formal knowledge of probabilities (thus, limiting our ability to use other more probabilistically-based numeracy measures; [8] ). There are other mathematical calculation subtests that also have high reliability and validity, such as from the Wide Range Achievement Test-4 (WRAT4). We chose the WJIII calculation subtest because of our familiarity with the measure from our previous work.
Crystallized Intelligence
6)
Crystallized verbal abilities and long-term memory was assessed with the Peabody Picture of Vocabulary Test (PPVT; [55] ). For each item, the facilitator presents a page with four pictures and then states a word describing one of the pictures. The participant responds by pointing or saying the number of the picture that corresponds to the word. Table 2 shows the basic descriptive statistics for each cognitive ability measure. 
Control Variables and Other Measures
We measured several potential confounding factors of the relation between cognitive ability and condom use. Confounders are potential "third variables" that may explain an observed relation and, therefore, are important to include in the statistical models to control for their influence. Controls included gender, age cohort, residence (small town, defined as 100 or more households clustered together, versus rural), marital status (ever been or currently married versus never married), mother tongue (Quechua versus Spanish; also the language used for the assessments), and functional literacy (the participant is asked to read and write a simple sentence). Self-reported educational attainment (last year of schooling completed) was assessed to account for the direct effects of education on cognitive ability, knowledge, and condom use.
Analytic Approach
We ran a series of logistic regression models to provide an initial test of the relations between numeracy and cognitive ability with condom use, controlling for several potential confounders. Structural equation models (SEMs) were used to test alternative models and account for the direct effects of educational attainment. SEMs were estimated using Monte Carlo numerical integration methods as implemented in Mplus version 7.0 [56] . The advantage of the SEM approach is the ability to explicitly model latent constructs that account for measurement error (e.g., in cognitive ability). In addition, this approach allows the inclusion of educational attainment as a simultaneous predictor of cognitive ability, condom knowledge, and condom behavior. Numerical integration methods were necessary because of the binary dependent variables in the proposed models (condom knowledge and condom use); common fit indices (e.g., RMSEA, TFI, CFI) are not available for this estimation approach [56] . Thus, Bayesian Information Criteria (BIC) were used to compare alternative models and assess fit [57] . Smaller BICs indicate better model fit after accounting for sample size and model complexity. Because BIC is consistent (i.e., the correct model is more frequently selected as the sample increases), we also report the sample-size adjusted BIC (SABIC; [58] ), which has been shown in simulation studies to perform better than the BIC, particularly with small sample sizes [59] . The current sample size of 247 qualifies as a small sample by traditional SEM standards.
To our knowledge, there are no accepted standards for determining the "strength of the evidence" that supports whether the model with the smaller SABIC is, in fact, a better model. In other words, there is little guidance how much difference in SABIC reflects sufficient evidence in support of one model over another. There have been attempts to create such criteria for the BIC, however, and Raftery [57] reports the following rules of thumb for differences in BIC between generic Model A and Model B: Weak evidence = BIC diff 0-2; Positive evidence = BIC diff 2-6; Strong evidence = BIC diff 6-10; Very strong evidence = BIC diff >10. We utilized these same criteria.
RESULTS
Approximately half of the sample were female, 67% were married (or had been married). Participants ranged in age from 30 to 60 years old, and had a wide range of educational attainment. Sixteen percent had no formal schooling, 47% had a primary education (6 th grade or less), 32% had completed some or all of high school, and 20% had more than a high school education.
Condom use was low: 32% of the sample reported having ever used a condom during sexual relations and 47% reported correctly that condoms protect against disease. As expected, more years of formal education, greater numeracy, and greater cognitive ability were associated with more condom knowledge and a greater likelihood of condom use (see Table 3 ). Table 4 shows the results of logistic regression modeling of condom usage, both with and without demographic controls. Model 1 includes numeracy and the other cognitive ability measures as well as condom knowledge. Only numeracy and condom knowledge were significant unique predictors of condom use.
In Model 2, six control variables were included. Being younger, male, and living in a small town (100 households clustered together) as opposed to a rural environment all increased the odds of having ever worn a condom during sexual relations after controlling for knowledge and the six cognitive abilities. Again, even after controlling for these potential confounders, condom knowledge and numeracy remained significant independent predictors of condom use. The odds of having ever used a condom are 2.48 times greater for a person who knows that condoms reduce the risk of disease compared to one who does not know, after controlling for cognitive abilities and demographics. Likewise, the odds of having ever used a condom are 1.19 times greater for each unit increase in numeracy after controlling for condom knowledge, other cognitive abilities and demographics. Working memory was the only other cognitive ability factor that showed a comparable effect size, although it was not statistically significant.
Structural Equation Modeling
We tested several alternative models in the SEM framework exploring the proposition that numeracy can be modeled independent of a general fluid intelligence latent variable. Prior research has demonstrated that greater education is associated with more cognitive ability and more general health knowledge [15, 19] . This approach will also allow us to test whether the previous findings are consistent with the cognitive enhancement explanation of the education effect [8] .
In the first SEM (see Fig. 1) , we included the four fluid intelligence factors and numeracy as indicators of a single latent cognitive ability factor. Crystallized intelligence as measured by the PPVT was modeled separately but was subsequently removed from the model because it was a nonsignificant predictor and did not add to model fit.
Education was modeled as a predictor of both condom knowledge and cognitive ability; condom knowledge, cognitive ability and the significant demographic controls identified above (gender, age and residence) were modeled as predictors of condom use. As expected and consistent with prior research, greater educational attainment predicted both more condom knowledge (Odds Ratio=1.11, p=0.09) and greater cognitive ability (standardized regression coefficient=0.84, p<.001). Greater cognitive ability (Odds Ratio=1.37, p=0.03) and having condom knowledge (Odds Ratio=2.05, p=0.03) were significant predictors of more condom use, while the direct effect of greater education on condom use was nonsignificant (Odds Ratio=1.04, p=0.61). Thus, both cognitive ability and condom knowledge appeared to mediate the effect of education on condom use.
In a second modeling step, we explored whether modeling numeracy separate from the four fluid intelligence measures resulted in better overall fit. The separation of numeracy was justifiable on theoretical grounds as well as on the basis of our logistic regression results. A fluid intelligence latent factor was specified with working memory, Raven's reasoning, Tower reasoning, and verbal association fluency as indicator variables. Fig. (2) shows the final model resulting from a series of model tests (comparing SABIC) to create a parsimonious model. The PPVT (crystallized intelligence) was not a significant predictor and was dropped from the model. Dropping the path between the fluid intelligence latent construct and condom use (Odds ratio=1.21, p=.32) also resulted in a better fitting model according to SABIC (6250.05 versus 6248.46). In the final model, education was a significant predictor of fluid intelligence, numeracy, and condom knowledge. The direct effect of education on condom use was also significant but was attenuated as compared to the unadjusted education effect, thus suggesting a partial mediation. After accounting for all other model effects, numeracy remained a significant predictor of condom use (Odds ratio=1.20).
The two primary models then were compared to determine which model was a better fit to the data. According to the BIC and SABIC (for which lower numbers are better), a parsimonious model with numeracy as a separate predictor from fluid intelligence resulted in better model fit as compared to the single cognitive-ability latent variable model (SABIC 6248.46 versus 6254.25; BIC 6334.05 versus 6336.67). Thus, although the evidence is not strong, we nonetheless have positive evidence for the superiority of this model as determined by the difference in BICs (2.63) .
DISCUSSION
Our findings demonstrate that cognitive skills (broadly construed) predict sex-related protective behavior after accounting for relevant knowledge, potential confounders, and the direct effects of education. This result thus provides additional evidence in support of Baker et al.'s SchoolingDecision-Making model [8] , which proposes a cognitive enhancement explanation of the education effect [17, 18] , and demonstrates the important relations between greater cognitive ability, relevant knowledge, and healthier choices Fig. (1) . Initial SEM model predicting condom usage using a single latent construct of cognitive ability (N=247). Note: + p<.10, * p<.05, **p<.01. The following control variables were included as predictors of condom usage (not displayed in figure) : Age, gender, residence (small town versus rural). Our measure of crystallized verbal skills (PPVT) was not a significant independent predictor and was excluded from the final model. All parameter estimates are odds ratios except for the standardized indicator loadings, and the standardized regression coefficients for the paths between Education and cognitive ability. SABIC=6250.56 ; BIC=6336.15. Fig. (2) . Final SEM model predicting condom usage (N=247). Note: * p<.05, **p<.01. The following control variables were included as predictors of condom usage (not displayed in figure) : Age, gender, residence (small town versus rural). Our measure of crystallized verbal skills (PPVT) was not a significant independent predictor and was excluded from the final model. All parameter estimates are odds ratios except for the standardized indicator loadings, and the standardized regression coefficients for the paths between Education to Numeracy and Education to Fluid Intelligence. SABIC=6248. 46 and behaviors. Adding to the strength of this finding, the present sample was closer to ideal than the usual North American and Western European populations in that many potential sources of endogeneity were reduced based on the homogeneity of the sample (e.g., relatively equal access to health care, relatively equivalent post-schooling work experiences). These results are promising even though we studied only one sex-related protective behavior (condom use in lifetime) and operationalized condom knowledge with a single item assessing whether participants knew that condoms could be used to prevent disease. The results will need to be replicated and expanded by examining other health behaviors and including more complete assessments of HIV and sex-related protective behavior knowledge.
As hypothesized, our results showed a unique protective effect of numeracy even after controlling for measures of fluid and crystallized intelligence and many potential confounding factors. The SEM results also suggested a potentially unique role for numeracy; the evidence for the separation of numeracy and fluid intelligence was positive, although it was not strong. Our results are important, particularly given the dearth of studies that examine the relation between numeracy and health behaviors after accounting for fluid intelligence or other cognitive skills [25] . We also add to the sparse evidence base on the relation between numeracy and health outcomes [36] . Our results further suggest that researchers should investigate the potentially separable effects of different cognitive skills on health behaviors in addition to examining the effects of general intellectual ability. There are many possible causal paths by which numeracy (and fluid intelligence) could affect health choices and behaviors. Given the observational nature of the current study, we were not able to identify the specific causes of the observed effects. Future work should focus on attempts to replicate these effects and to identify precisely how numeracy and fluid intelligence affect health behaviors in a range of contexts.
It is possible that the emergence of numeracy as a significant predictor from the set of cognitive ability factors was due (at least in part) to it being measured with less error. We have no evidence that this was the case, but such a situation could attenuate the effects of the other cognitive ability measures due to poorer measurement precision, thereby making numeracy appear to be the more important predictor. The other measures, however, have been used considerably in the literature and are thought to have excellent psychometric properties, arguing against this potential limitation. It is also unlikely that performance on these measures was greatly affected by translation into Spanish or Quechua. This is because four out of the six measures do not require any verbal processing and are functionally independent of language. The other two tasks do not require extensive instruction to understand and involve pictures to facilitate task completion (PPVT) or require participants to generate words in their native tongue as opposed to processing extensive translated text (COWAT). On the other hand, although numeracy could be separated from the other cognitive ability factors, the effect was not strong. This lack of strength could be due in part to the confound of numeric ability with the working memory measure which required remembering numbers, reordering them, and repeating them back to the experimenter.
Another potential concern is that our numeracy measure consisted of arithmetic items from the Woodcock-Johnson inventory. This is a valid numeracy assessment, although there are many other measures that include probabilistic items or specific items assessing the interpretation of medical information [60] . A more robust assessment of numeracy would have included a wider range of items and, consequentially, we may have been able to determine which kinds of numerical skills are most important for this population and the health behaviors we studied. Future work should focus on examining a range of numerical skills and partialing out, if possible, the specific types of numeracy that are important to the specific health decision being studied.
Our results suggest another route for the development of interventions that can complement current campaigns focused on increasing health knowledge. Providing more years of formal education is likely to be the best intervention of all, in that it affects both cognitive ability and health knowledge. Unfortunately, there are many instances where provision of additional years of schooling is not an option, and only relatively short-term interventions are possible. More general cognitive training programs have been shown to produce long-term improvements in real-world tasks (e.g., household finances, health maintenance, and shopping; [61, 62] ). It could be argued, however, that numeracy is one of the more modifiable cognitive abilities, at least as compared to components of fluid intelligence such as working memory [63, 64] . For instance, Woloshin et al. [65] developed an education booklet designed to teach people how to make sense of health risks (e.g., the difference between absolute versus relative risk). They showed, in an adult sample, that this health statistics primer improved the understanding of health risks. It may also be possible to provide short effective trainings for more fundamental numerical abilities, such as intuitive number sense, that appear to support higher level number skills [66, 68] . Park and Brannon [69] , for example, trained adults on a nonsymbolic approximate arithmetic task and showed that their math skills improved afterwards. With a better understanding of the causal mechanisms underlying these numeracy and cognitiveability training effects, future research can be directed toward developing interventions that target those skills that are most likely to improve health choices and behaviors.
Condoms remain the key method for preventing transmission of HIV and other STDs between sexual partners. Research in many settings shows that knowledge about condoms, knowledge about HIV, and ability to discuss condoms with partners are associated with condom use [70] [71] [72] . Our findings point to the mechanisms by which more numerate people may use their understanding of health risks and of health protective behaviors to inform their health behaviors. Improving numeracy can be considered an "upstream" prevention strategy, in that it may enhance individuals' ability to engage in a wide range of health protective behaviors, including using condoms to avoiding HIV and other STDs. Such upstream strategies are more promising than the difficult challenge of convincing people to change behaviors.
These results also highlight the importance of evidencebased strategies for the communication of health information about sexually transmitted diseases. In particular, it is important that health messages are designed to be comprehensible to the less numerate. A series of recent papers have reviewed how to present numeric information to maximize informed decision making and particularly among less numerate individuals [26, 36, 39, [73] [74] [75] [76] [77] [78] . Recommended strategies include reducing the cognitive effort required from the individual and doing the math for them, providing evaluative meaning, particularly when numeric information is unfamiliar, drawing attention to important information, and setting up appropriate systems to assist people [79] .
Our results add to a growing literature highlighting the robust protective effect of higher fluid intelligence and numeracy, enhanced by education, on health behaviors and outcomes. Specific challenges for future research will be identifying the causal mechanisms that underlie these effects and translating this knowledge into effective interventions for improving health.
